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ABSTRACT: Seaweeds are of economic and ecological importance, and for 
centuries have been used in food, phycocolloid, and pharmaceutical industries. With 
the advance development of computational biology and bioinformatics, the study of 
seaweeds is entering a new revolutionary phase. Molecular genetic study and gene 
discovery in seaweeds will greatly facilitate the process of deciphering the 
physiology, biochemistry and molecular biology of seaweeds, leading to genetic 
improvements by means of gene modification and genetic engineering. This article 
reviews the approaches, recent developments and future in molecular genetic study 
and gene discovery in seaweeds. 
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INTRODUCTION 
Life sciences research is entering a new phase witnessing the marriage of 
biotechnology with information technology. The huge load of available biological 
data is urging biological research problems to shift from biology-based to 
information-based. Development of new algorithms and approaches in analysing 
biological data is nothing uncommon in the field of bioinformatics. The impact of this 
bioscience revolution acts as huge driving force in speeding up the process of new 
discoveries and generation of new knowledge.  
Marine algae, better known as seaweeds, are the primary producers in the marine 
food chain, supporting various marine life forms with their photosynthesising 
capability. They are no strangers to the region of East Asia, in which the Japanese, 
Chinese and Koreans are the main consumers of seaweeds as food (McHugh, 2003). 
In addition, some seaweeds are capable of accumulating heavy metals hence act as 
good biomonitoring agents of pollutants (Favero & Frigo, 2002). The various groups 
of seaweeds are distinctive to each other according to the pigments they are 
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possessing, their life cycles and habitats, and the metabolites they are producing. The 
production of hydrocolloids e.g. agar, agarose, carrageenan and alginate is making 
seaweeds an important resource in most industries, ranging from food, 
pharmaceutical, cosmetics, laboratorial, to textile and photography (Renn, 1997). 
Aside from being economically important, seaweeds are of ecological importance too. 
Integrated aquaculture of seaweeds with other marine organisms such as abalone or 
shrimps is proved to be a sustainable and ecological-friendly approach, in which 
seaweeds act as food to the animals, while the waste generated from the animals act as 
nutrients to the plants (Neori et al., 2000).  
The use of seaweeds in biotechnology is undeniably essential, but there is still a lot 
unknown in the marine algal world, unlike bacteria. There is no known complete 
pathway on phycocolloid production, there is very little information on the seaweed 
defence system, and most of all, there is little information available on the genomics 
of seaweeds. The unsolved mysteries in seaweeds are further magnified by the 
ambiguities and controversial issues facing their identification and classification (Lim 
et al., 2001). Therefore, molecular genetic studies are essential in unravelling the 
many mysteries of marine algae. 
GENE DISCOVERY IN SEAWEEDS 
The major challenge in deciphering the genetic basis of an organism is to 
understand what the genome contains and how the genome functions (Aubourg & 
Rouze, 2001). Various methods can be employed to discover the genes that are 
present in a DNA sequence, whether it is the sequence of a single cloned fragment or 
of an entire chromosome. The methods can be classified into two different 
approaches, namely sequence inspection and comparative approaches. 
Sequence Inspection Approach 
Sequence inspection makes use of the distinctive features on the gene sequence, 
normally by determining the coding region, where an open-reading frame (ORF) is 
determined from an initiation codon to a termination codon (Brown, 1999). In 
general, ORFs longer than a certain threshold ranging from 300-500 base-pairs (bp) 
are considered as potential genes (Sterky & Lundeberg, 2000). Those sequences 
shorter than the threshold, and those on the opposite strand of longer ORFs, called the 
shadow genes, can lead to ambiguities, which can be resolved by analysing the 
compositional differences among the coding region, shadow genes, and the non-
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coding DNA (Burge & Karlin, 1988). 
This ORF scanning approach works well for simple bacterial genomes, but not for 
higher eukaryotic genes, which are further complicated by the presence of introns and 
the many alternative ways of RNA splicing (Aubourg & Rouze, 2001). The introns, 
create substantial spaces between the real genes, thereby increase the chances of 
finding spurious ORFs. To solve this problem, Fickett (1996) proposed some major 
features to be adopted in the basic ORF scanning. They include the codon bias, the 
intron-exon boundaries, and the upstream control sequences, as shown in Table 1. 
Nevertheless, the ORFs are small, and some classes of ORF will defy identification 
due to little or none of the protein sequence is under selection, making ORFs among 
the most difficult features of a newly sequenced genome to annotate (Lawrence, 
2003). With the huge stream of data emanating from genomic research since the past 
decade, and with high-dimensional data from the transcriptomes, the proteomes and 
the metabolomes, machine-learning approach for sequence inspection and analysis is 
essential (Kell & King, 2000). Machine-learning approach is simply the capacity of a 
computer to learn from experience, i.e. the capability in modifying its processing on 
the basis of newly acquired information. For example, the Multiple EM (Expectation 
Maximisation) for Motif Elicitation system, or simply known as MEME. The MEME 
algorithm extends the EM algorithm for identifying motifs in unaligned biopolymer 
sequences. It allows one to discover motifs of highly conserved regions in groups of 
related DNA or protein sequences, and search sequence databases using motifs 
(Bailey & Elkan, 1995).  GRAIL (Gene Recognition and Assembly Internet Link), on 
the other hand, is an example of machine-learning tool for the identification of genes, 
exons, and various features in DNA sequences. It provides analysis and putative 
annotation of DNA sequences both interactively and through the use of automated 
computation (Xu et al., 1996).  
The sequence inspection approach is useful when there is abundant of information 
available. With very little genetic information available for seaweeds, and the lack of 
understanding about seaweed molecular biochemistry, the gene inspection approach 
in general is not quite suitable for genetic studies on seaweed. 
 
Comparative Approach 
When there is little information available, comparative approach is more 
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appropriate in data analysis as compared to the sequence inspection approach. 
Comparative genomics is a powerful tool in deciphering genes function through 
sequence comparisons. As it is a cross-genome comparison study, it enables genes 
function prediction of a new genome, facilitating the study of evolution. A powerful 
way of comparative approach is the use of expressed sequence tags (EST). 
Rather than using the whole genomic DNA, the EST approach makes use of the 
cDNA sequences, involving systematic sequencing of the randomly picked cDNA 
clones. From the name, ‘expressed sequence tags’, ‘expressed sequence’ is the cDNA 
derived from mRNA consisting only the sequence to be expressed. They may consist 
of parts of a gene or certain regions of a gene, thus ‘tags’. The ESTs, although not in 
full-length, represent the spliced genes – the essential parts of the genome.  
The ESTs fall into five main categories: (a) those identical to a portion of a known 
gene; (b) those with sequence similarity to a known gene; (c) those which do not 
show sequence similarity but with structural similarity to one or more known 
sequences; (d) those which do not match anything in the database; and (e) those that 
can be deemed useless as they are either devoid of meaningful sequences or have 
matched sequences of contaminating organisms (Zweiger, 2001). This approach is 
capable of discovering genes, through hunting new members of gene families in the 
same species (paralogs), through functionally equivalent genes in other species 
(orthologs), or even through alternatively sliced forms of known genes (Wolfsberg & 
Landsman, 2001). The advantages and drawbacks of using EST approach are listed in 
Table 2. 
Since the first description of ESTs from humans was published in 1991 (Adams et 
al., 1991), there has been a dramatic increase of ESTs in the public databases. The 
number of EST entries in the EST database (dbEST) of GenBank increased 
tremendously from 4.6 million in June 2000 (Wolfsberg & Landsman, 2001) to 21 
million as of 7th May  
2004 (http://www.ncbi.nih.nlm.gov/dbEST/). The ESTs have been widely applied in 
human genome studies (IHGSC, 2001); animals e.g. chicken (Abdrakhmanov et al., 
2000), mouse (Blake et al., 2002) and rat (Twigger et al., 2002); and various plants 
e.g. rice (Wang et al., 2001), and Arabidopsis (Asamizu et al., 2000). It has also been 
used as an approach to understand plant metabolism and plant stress tolerance 
(Cushman & Bohnert, 2000).   
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The EST approach was used for more recent studies on molecular genetics of 
seaweeds. The first EST project on algae was reported on the G. gracilis, where 200 
EST entries were generated (Lluisma & Ragan, 1997). Resulting from the project, two 
genes involved in carbohydrate metabolism were characterised from G. gracilis (e.g. 
Lluisma & Ragan, 1998).  
Ever since then, more EST studies on seaweeds were initiated, namely on 
Laminaria digitata (Crépineau et al., 2000), Porphyra yezoensis (Nikaido et al., 2000), 
Gracilaria lemaneiformis, (Sun et al., 2002) and Fucus distichus (Belanger et al., 
2002). For large-scale gene expression analysis in seaweeds, the establishment of 
ESTs would be the most desirable approach, due to the little genetic information 
avaliable for seaweeds. Comparative studies can be carried out among the different 
developmental stages, as well as in analysing various stress-induced genes, which 
affect the seaweed biomass production and phycocolloid production, by inducing 
respective stress on the samples. The deciphering of molecular genetics in seaweeds 
will help promoting crop improvement to produce value-added products. 
FUTURE OF SEAWEED MOLECULAR GENETICS 
In this –omic science era, cutting edge platform technologies e.g. robotics, 
microarray and bioelectronics, as well as computing and software development, have 
enabled large-scale experiments to be carried out rapidly and less vigorously. 
Scientists are moving towards the large-scale study of genomics, proteomics, 
metabolomics, transcriptomics, and now the RNomics. The genomic studies of 
bacteria, land plants, animals and human are getting much attention in the scientific 
community, but not marine macroalgae apparently. There is a need to alert the 
scientific community about the importance of working together in deciphering the 
many mysteries in seaweeds as they served as the primary source in the marine food 
chain. Large-scale genomic studies, either functionally or structurally, are essential 
for better understanding of the marine macroalgae so that their biotechnological 
potential can be fully utilised. Sequencing effort likewise in Human Genome Project 
or the Mouse Genome Project is desirable if a seaweed model plant can be identified. 
A close and committed international collaborative effort among the research 
community is timely to gather available financial and expertise resources for studying 
the marine algae.  
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Table 1. Three important features adopted in ORF scanning. 
Codon bias 
• The frequencies with which individual synonymous codons are used to code 
their cognate amino acids, is quite variable from genome to genome and within 
genomes, from gene to gene (Kurland, 1991).  
• This codon preference is a global arrangement for optimising the growth 
efficiency of all living cells, due to the bias of tRNA abundance (Moszer et al., 
1999).  
• It is closely related to the gene expression level, mutation pressure, and genetic 
drift of a species, and there are attempts to overcome it through experimental 
means (Baca & Hol, 2000).  
Intron-exon boundaries 
• The boundaries of intron-exon in eukaryotic genes show some less-obvious 
distinctive sequence features generally (Brown, 1999).  
• Most of them in the upstream sequence conform to the GT/AG rule (Glanzer et 
al., 2002).  
• However, the variability of these boundaries among species, especially in 
eukaryotes, had put them under extensive research (Maccatrozzo et al., 2002). 
Upstream control sequences 
• These sequence indicate where the genes begin, possessing the distinctive 
transcriptional and translational signals for the DNA-binding proteins involved 
in gene expression (Burge & Karlin, 1998).  
• They, as with the intron-exon junctions, are highly variable in eukaryotic genes 
(Levine et al., 1997). 
• Some even exhibit unusual transcriptional and translational regulatory systems 
(Angiolillo et al., 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 9
Table 2. Advantages and drawbacks of EST approach. 
Advantages of EST approach 
• ESTs can be generated easily, rapidly, cost-effectively and applicable for large-
scale analysis. 
• Hastens gene discovery process. 
• Maintains high degree of sequence conservation as it is derived from coding 
DNA. 
• Capable of predicting or refining computational prediction of gene location in 
genomic DNA. 
• Useful in recovery of full-length cDNA or genomic clones including those not 
clonable by classical approaches. 
• Requires little assumptions about the target gene and provide broad additional 
data that may be useful in the future. 
• ESTs markers are more likely to be transportable across pedigree and species 
boundaries than other markers derived from non-expressed sequences. 
• Applicable to identify and characterise not only normal but also developmental 
stages, conditions of stress, external stimuli e.g. heat-shock or nitrogen 
starvation, disease etc.  
• Can be carried out even if little genetic information is available for a species. 
• Easily modified for transcription studies. 
Drawbacks of EST approach 
• Represents only partial transcript sequence, even after gene indexing by 
assembly. 
• Not 100% reliable, as it is a mixture of 5’ and 3’ ends; and cDNAs are not 
always in full-length. 
• Generating sequences of low quality as compared to those determined by 
conventional means. 
• Difficult to determine intron, regulatory DNA and alternatively spliced 
transcripts, especially when pre-mRNA sequences are present, but a novel 
approach applying concepts of ESTs had been developed for transcription 
studies. 
• Many cDNAs correspond to members of multi-gene families that are hardly 
distinguishable. 
• Generated ESTs may differ from the parent mRNA sequence due to substitution, 
deletion or insertion, contaminating by bacterial, mitochodrial or vector 
sequences. 
• Might create inverted clones problem in unidirectional libraries, when 5’ and 3’ 
ESTs are mislabeled. 
Refs: Boguski, 1995; Hillier et al., 1996. Lluisma & Ragan, 1997; Wolfsberg & Landsman, 1997; 
Cushman & Bohnert, 2000;  Sterky & Lundeberg, 2000; Zweiger, 2001. 
 
